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Purpose: To report the surgical outcomes of 25-gauge vitrectomy in eyes with myopic 
foveoschisis (MF). 

Methods: The medical records of 40 eyes of 36 patients that had undergone 25-gauge vitrectomy 
with internal limiting membrane peeling for MF were studied. The main outcome measures 
were the best-corrected visual acuity (BCVA) and the optical coherence tomography (OCT) 
findings. The eyes were divided into two groups: 1) those with a foveal detachment (FD; FD 
group); and 2) those without a FD (no-FD group). 

Results: The postoperative OCT images showed a resolution of the MF with a significant 
reduction in the central foveal thickness from the preoperative values in both the FD group 
(479+150 urn to 196+56 urn; P=0.002, mean ± standard deviation) and in the no-FD group 
(369+1 16 urn to 245+50 um; P=0.001). The final mean BCVA significantly improved from the 
preoperative values in the FD group (0.96+0.53 logarithm of the minimum angle of resolution 
[logMAR] units to 0.70+0.56 logMAR units; P=0.009) and in the no-FD group (0.46+0.38 
logMAR units to 0.34+0.36 logMAR units; P=0.007). The final BCVA in the FD group 
improved in 63%, remained unchanged in 31%, and worsened in 6%. In the no-FD group, the 
final BCVA improved in 21%, remained unchanged in 71%, and worsened in 8% of the eyes. 
A better final BCVA was significantly correlated with a better preoperative BCVA in both 
groups (P<0.001). 

Conclusion: Twenty five-gauge vitrectomy results in favorable visual and anatomic outcomes 
for MF. We recommend that 25-gauge vitrectomy be used to treat eyes with MF. 
Keywords: myopic foveoschisis, 25-gauge vitrectomy, high myopia, internal limiting mem- 
brane, gas tamponade 

Introduction 

Myopic foveoschisis (MF) is one of the major causes of vision reduction in myopic 
patients, and its presence has been increasingly recognized with the advent of opti- 
cal coherence tomography (OCT). 1 - 2 The estimated incidence of MF ranges from 
8%-34% in eyes with high myopia. 3 ~ 7 Because MF is typically a slowly progressive 
condition, the majority of the patients retain relatively good vision. 8 However, pro- 
gression to more serious complications, such as foveal detachments (FD), epiretinal 
membrane (ERM), full-thickness macular hole (MH), and macular hole retinal detach- 
ment (MHRD), can occur during its natural course. 911 Thus, surgical intervention is 
needed in these patients to prevent anatomic and functional worsening of the retina 
and vision. 12 ' 13 

Minimally invasive vitreous surgery with 23- and 25-gauge instruments has been 
developed. The advantages of minimally invasive vitreous surgery are that no wound 
suture is required because of the smaller incision size, less inflammation, less patient 
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Figure I OCT images of an eye with myopic foveoschisis with FD group. 

Notes: (A) Preoperative OCT image shows outer retinoschisis (asterisks), inner retinoschisis (arrowheads), and foveal detachment with outer lamellar hole (arrow). 
(B) OCT image at 1 6 months after vitrectomy with internal limiting membrane (ILM) peeling shows a resolution of the foveoschisis and reattachment of the fovea. 
Abbreviations: OCT, optical coherence tomographic; FD, foveal detachment. 



discomfort, faster recovery of visual acuity, and occasional 
shorter operative time. 14 Therefore, the indications for 
25-gauge vitrectomy have been expanded. 15-17 

Many studies have already demonstrated the effectiveness 
of 20-gauge vitrectomy in treating MF. 1213 - 18-23 However, 
little has been reported about the surgical outcome with the 
25-gauge vitrectomy. Thus, the purpose of this study was 
to report the surgical outcomes of 25-gauge vitrectomy in 
eyes of MF. 



a progressive reduction of their vision or metamorphopsia that 
was attributable to MF. The exclusion criteria included eyes 
with other retinal disease that could affect the central vision, 
eg, full-thickness MH, MHRD, choroidal neovascularization, 
macular atrophy, axial length <26.0 mm, or follow-up <6 
months. The eyes were divided into two groups based on 
the foveal anatomy in the OCT images - those with a FD 
(FD group; Figure 1) and those without a FD (no-FD group; 
Figure 2). 



Materials and methods 

Subjects 

The procedures used in this study conformed to the tenets of 
the World Medical Association's Declaration of Helsinki. 
This was a retrospective study of 40 eyes in 36 consecutive 
patients who underwent the 25-gauge vitrectomy for MF at 
the Kansai Medical University Takii Hospital (Osaka, Japan) 
between January 2007 and April 20 1 3 . All of the patients had 



Data collection 

All patients had a complete ophthalmic examination, 
including measurement of the best-corrected visual acu- 
ity (BCVA), refraction, slit-lamp examination, fundus 
examination, color fundus photography, and OCT. The 
preoperative and postoperative BCVAs were determined as 
decimal visual acuity and then converted to logarithm of the 
minimum angle of resolution (logMAR) units for statistical 




Figure 2 OCT images of an eye with myopic foveoschisis no-FD group. 

Notes: (A) Preoperative OCT image shows outer retinoschisis (asterisks). (B) OCT image at 5 months after vitrectomy with ILM peeling shows a resolution of 
foveoschisis. 

Abbreviations: OCT, optical coherence tomographic; ILM, internal limiting membrane; no-FD, no foveal detachment. 
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analyses. An improvement or worsening of the postoperative 
BCVA was defined as a change >0.2 logMAR units. The pre- 
operative and postoperative OCT recordings were performed 
with the OCT 3 (Carl Zeiss Meditec AG, Jena, Germany) or 
RTVue-100 (Optovue Inc., Fremont, CA, USA). 

Surgical procedures 

All surgeries were performed by one experienced surgeon 
(TN). The patients underwent the standard three-port 
25-gauge pars plana vitrectomy with the insertion of a bev- 
eled cannula under retrobulbar anesthesia. Phacoemulsifica- 
tion with implantation of an intraocular lens was performed 
to avoid the effects of postoperative cataract development 
in 25 of the phakic eyes. The internal limiting membrane 
(ILM) was stained with 0.1% indocyanine green (ICG) or 
triamcinolone acetonide, and peeled over two to three disc 
diameters by intraocular forceps in all eyes. The decision to 
use gas tamponade was made based on the surgeon's discre- 
tion, ie, the cases in which the macular hole or retinal breaks 
had occurred. A gas tamponade was made by injecting 20% 
sulfur hexafiuoride in four eyes or air in five eyes after the 
fluid-air exchange. The patients with gas tamponade were 
encouraged to maintain a prone posture for at least a week 
postoperatively. When a leakage was detected at sclerotomy, 
the wound was sutured by 9-0 VICRYL® (Johnson & John- 
son, New Brunswick, NJ, USA). 

Statistical analyses 

The results are expressed as the means + standard devia- 
tions. The data were analyzed with Mann-Whitney {/-tests, 
Wilcoxon paired signed-rank tests, Kruskal- Wallis test, and 
analysis of covariance. Associations between the final BCVA 



and the clinical parameters were examined by Pearson product 
moment correlation coefficients and multiple linear regres- 
sion analyses. Differences were considered significant when 
the P-value was <0.05. All statistical analyses of the data 
were performed with IBM* SPSS® Statistics for Windows 
(version 22; IBM Corporation, Armonk, NY, USA). 

Results 

Preoperative characteristics 

Forty eyes of 36 consecutive patients underwent 25-gauge 
vitrectomy; five were men and 3 1 were women. Their ages 
at the time of surgery ranged from 50-84 years with a mean 
of 70.0+7.7 years (Table 1). Of the 40 eyes, 25 were phakic, 
14 were pseudophakic, and one was aphakic. The mean axial 
length was 28.9 mm, with a range from 26.2-32.8 mm. The 
mean postoperative follow-up period was 32.0+23.3 months 
with a range from 6-84 months. 

Preoperatively, a foveoschisis was detected in all eyes by 
OCT. There were 16 eyes with FD (FD group) and 24 eyes 
without a FD (no-FD group). The preoperative differences 
in age, axial length, and postoperative follow-up periods 
were not significant between the two groups (Table 1). In 
contrast, the preoperative central foveal thickness and BCVA 
between two groups were significantly different (P=0.019 
and ,P=0.003, respectively; Table 2). 

Surgical outcomes 

Postoperative OCT showed a resolution of MF and a reat- 
tachment of the fovea in all eyes during the follow-up period 
(Figures 1 and 2). The postoperative central foveal thickness 
was significantly reduced from the preoperative values in FD 
group (479+150 urn to 196+56 um; P=0.002; Table 2) and 



Table I Clinical characteristic of patients 



Category 


FD group (n=l6) 


No-FD group (n=24) 


P-value* 


Age range (years) 


60-83 


50-84 


NA 


Mean ± SD 


70.9±6.6 


69.3±8.5 


0.62 


Sex (male/female) 


2/14 


3/21 


NA 


Lens status (n) 








Phakic 


12 


13 


NA 


Aphakic 


0 


1 


NA 


IOL 


4 


10 


NA 


Axial length (mm) 








Range 


26.2-32.8 


26.4-3 1 .4 


NA 


Mean ± SD 


28.7±2.2 


29.21 ±1.4 


0.41 


Postoperative follow-up (months) 








Range 


6-84 


6-78 


NA 


Mean ± SD 


34.2±24.5 


30.8±23.0 


0.58 



Notes: *P-value between FD group and no-FD group {Mann-Whitney L/-test). 

Abbreviations: FD, foveal detachment; no-FD, without foveal detachment; SD, standard deviation; NA, not available; IOL, intraocular lens. 
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Table 2 Anatomic and visual outcomes 



Category 


FD group 


No-FD group 


P-value 




(n- 1 61 


fn-241 




Central foveal thickness (|im) 








Preoperative 


479±l 50 


369±l 16 


0.0 1 9* 


Postoperative 


I96±56 


245±50 


0.037* 


P-value 


0.002+ 


0.001 + 


NA 


BCVA (logMAR) 








Preoperative 


0.96±0.S3 


0.46±0.38 


0.003* 


Postoperative (final) 


0.70±0.S6 


0.34±0.36 


0.045* 


P-value 


0.009+ 


0.007+ 


NA 


Change in BCVA*, n (%) 








Improve 


10 (63) 


5(21) 


0.017* 


Unchanged 


5(31) 


17(71) 


NA 


Worsened 


1 (6) 


2(8) 


NA 


Postoperative complication, n (%) 








Full-thickness macular hole 


1 (6.3) 


2 (8.3) 


NA 


Retinal detachment 


2 (12.5) 


0(0) 


NA 


Transient hypotony 


0(0) 


4(16.7) 


NA 


Transient CD 


0(0) 


1 (4.1) 


NA 



Notes: *P-value between FD group and no-FD group {Mann-Whitney U-test). ^P-value between preoperative and postoperative values (Wilcoxon paired signed-rank test). 
*An improvement or worsening of visual acuity was defined as a change >0.2 logMAR units. §P-value between preoperative and postoperative values (Kruskal— Wallis test). 
Hypotony, mean intraocular pressure <6 mmHg. 

Abbreviations: FD, foveal detachment; no-FD, no foveal detachment; BCVA, best-corrected visual acuity; NA, not available; CD, choroidal detachment. 



in the no-FD group (369+1 16 um to 245+50 urn; P=0.001; 
Table 2). 

The final BCVA significantly improved from the pre- 
operative values in the FD group (0.96+0.53 logMAR to 
0.70+0.56 logMAR; P=0.009; Table 2) and in the no-FD 
group (0.46+0.38 logMAR to 0.34+0.36 logMAR; P=0.007; 
Table 2). The percentage of eyes with a significant improve- 
ment of the final BCVA in FD group was greater than that in 
no-FD group (P=0.017; Table 2). The final BCVA in the FD 
group improved in 63%, remained unchanged in 31%, and 
worsened in 6%. In the no-FD group, the final BCVA improved 
in 2 1 %, remained unchanged in 7 1 %, and worsened in 8% of 



the eyes. The final BCVA was significantly correlated with 
the preoperative BCVA in the FD group (r 2 =0.74; P<0.001; 
Figure 3A) and in the no-FD group (r 2 =0.62; P<0.001; 
Figure 3B). The improvement of BCVA was not correlated 
with the presence of a FD, concomitant phacoemulsification, 
gas tamponade, and method of ILM visualization (_P=0.71, 
0.16, 0.63, and 0.88, respectively; Table 3). 

Multiple linear regression analyses showed that the 
final BCVA was significantly correlated with preoperative 
BCVA (adjusted i? 2 =0.66; PO.001 ; Table 4), but not with 
age (,P=0.49), axial length (_P=0.08), preoperative central 
foveal thickness (P=0.61), FD (P=0.84), concomitant 



A B 




0 0.5 1.0 1.5 0 0.5 1.0 1.5 

Preoperative BCVA (logMAR) Preoperative BCVA (logMAR) 



Figure 3 Relationship between preoperative and final BCVA in patients with myopic foveoschisis. 

Notes: (A) Preoperative and final BCVA are significantly correlated in eyes with foveal detachment (FD group; n-16; r^O.74; P<0.00l). (B) Preoperative and final BCVA 
are significantly correlated in eyes without foveal detachment (no-FD group; n-24; r 2 -0.62; P<0.00l). Pearson's product moment correlation coefficients. 
Abbreviations: BCVA, best-corrected visual acuity; FD, foveal detachment; logMAR, logarithm of the minimal angle of resolution. 
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Table 3 Visual acuity improvement after 25-gauge vitrectomy 


Category 


N 


Preoperative BCVA 
(logMAR) 


Final BCVA 
(logMAR) 


P- value* 


Foveal detachment 










Positive 


16 


0.96±0.S3 


0.70±0.S6 


NA 


Negative 


24 


0.46±0.38 


0.34±0.36 


0.71 


Phacoemulsification 










Concomitant 


25 


0.69±0.S6 


0.46±0.S2 


NA 


None 


IS 


0.60±0.42 


0.52±0.4I 


0.16 


Gas tamponade 










Concomitant 


9 


0.90±0.68 


0.63±0.S3 


NA 


None 


31 


O.S9±0.44 


0.44±0.46 


0.63 


Visualization of ILM 










ICG-use 


22 


0.66±0.S7 


0.48±0.S3 


NA 


TA-use 


18 


0.6S±0.43 


0.49±0.42 


0.88 



Notes: *P-value from the differences between positive and negative in foveal detachment category, concomitant, and none in the phacoemulsification category and in the gas 
tamponade category, and ICG-use and TA-use in visualization of ILM category (respectively; analysis of covariance). 

Abbreviations: BCVA, best-corrected visual acuity; NA, not available; logMAR, logarithm of the minimal angle of resolution; ILM, internal limiting membrane; ICG, 
indocyanine green; TA, triamcinolone acetonide. 



phacoemulsification (P=0.35), gas tamponade (_P=0.48), or 
with use of ICG or triamcinolone acetonide (P=0.83). 

Surgical complications 

The postoperative complications in the FD group (16 eyes) 
included one with a MH (6.3%; Table 2) and two with a 
retinal detachment from a peripheral retinal break (12.5%). 
In the no-FD group (24 eyes), two eyes developed a MH 
(8.3%), four had hypotony (intraocular pressure <6 mmHg; 
16.7%), and one had a choroidal detachment (4.1%). 
In the eyes with a postoperative MH, the preoperative inner 
segment/outer segment (IS/OS) junction line was disrupted or 
irregular at the fovea in the OCT images. These eyes under- 
went reoperation, and the MH was closed in one eye (FD 
group), but not in the other eye (no-FD group). The hypotony 
and choroidal detachment recovered without additional treat- 
ments within a week after the operation. The two eyes with 
a retinal detachment underwent reoperation, and the retinas 
were reattached. 

Discussion 

Our results confirmed the results of earlier studies that showed 
that 25-gauge vitrectomy with ILM peeling results in good ana- 
tomic and BCVA in eyes with MF. Evidence of these findings 
is based on the following: postoperative OCT showed a resolu- 
tion of MF and a reattachment of the fovea in all eyes (Table 
2; Figures 1 and 2), final mean BCVA significantly improved 
(Table 2), and better final BCVA was correlated with better 
preoperative BCVA (Table 4; Figure 3). 

Vitrectomy or episcleral macular buckling has generally 
been used to treat MF. 2 Although many studies had reported 



on the efficacy of episcleral macular buckling, this surgery 
has the potential complications, eg, difficult intraoperative 
access to posterior pole and risk of scleral perforation. 2 
Vitrectomy was believed to be a rational choice for the treat- 
ment of MF, because a MF was believed to be caused by 
premacular vitreous traction with a rigidity of the ILM and 
ERM, stiffness of the retinal vessels, and posterior staphy- 
loma. Thus, vitrectomy with ILM peeling was expected to 
remove the tractional tension. 7 ' 18,20,24-26 

Earlier studies reported on the favorable outcomes of 
20-gauge vitrectomy for MF. I21318 - 23 More recently, Shimada 
et al reported on the surgical outcomes of 25-gauge vitrec- 
tomy for MF with FD, but they did not report on eyes without 
a FD. 27 Shin et al reported on the outcomes of 25-gauge vit- 
rectomy, but they did not compare the results in a FD group 
to a no-FD group. 28 We now report on the surgical outcomes 
of 25-gauge vitrectomy for MF with and without FD. 

Table 4 Multiple linear regression analysis for final visual acuity 



Independent variable p* P-value 



Age 


0.07 


0.49 


Axial length 


-0.19 


0.08 


Preoperative BCVA 


0.81 


<0.00l 


Preoperative central foveal thickness 


-0.06 


0.61 


Foveal detachment 


0.03 


0.84 


Concomitant phacoemulsification 


0.10 


0.35 


Gas tamponade 


0.08 


0.48 


Visualization of ILM 


NA 


NA 


ICG-use or TA-use 


-0.02 


0.83 



Notes: Adjusted R^0.66 for final BCVA in multiple linear regression analysis 
(P<0.00l). ^Standard partial regression coefficient. 

Abbreviations: NA, not available; BCVA, best-corrected visual acuity; ILM, internal 
limiting membrane; ICG, indocyanine green; TA, triamcinolone acetonide. 
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Our results contain six major findings. First, 25-gauge 
vitrectomy resulted in favorable visual outcomes for MF; 
whereas, the visual improvement percentage in the no-FD 
group was lower than that in the FD group (2 1 % versus 63%; 
Table 2). Earlier studies reported that the postoperative BCVA 
in patients in the FD group recovered, and the incidence was 
high, as did our results. 12 ' 13 - 22,27 - 29 This is quite reasonable 
because a reattachment of photoreceptors at the fovea should 
lead to recovery of the BCVA. Thus, eyes with FD are good 
candidates for vitrectomy. 12 In contrast, several investigators 
reported that the final BCVA did not improve significantly in 
no-FD eyes. 12 13 These other studies 22 - 29 and our results showed 
a significant improvement of the final BCVA in the no-FD 
group, although the incidence of eyes with a visual improve- 
ment was low. This indicates that foveoschisis without a 
FD can result in decreased BCVA, which can be resolved 
by vitreous surgery. 12 Additionally, FD, MH, or MHRD can 
develop in the no-FD group during its natural course. 911 Thus, 
vitrectomy can prevent these changes and, thus, should be a 
useful treatment for the no-FD group to prevent further disease 
progression and retinal function damage. 

Second, the final BCVA was significantly correlated with 
the preoperative BCVA in both the FD group and no-FD group 
(Table 4; Figure 3). These results agree with earlier reports on 
MF 1213 - 28 and also other macular disorders, such as ERM. 30 This 
suggests that patients with MF should undergo surgery as soon 
as possible. However, to establish the surgical indications for 
MF is difficult because patients without a FD retain relatively 
good vision and do not visit eye doctors. 8 Thus, patients who 
have progressive visual impairments, ie, vision reduction and 
metamoiphopsia or FD attributable to MF should be good 
candidates for vitrectomy with ILM peeling. 

Third, MF can be resolved by 25-gauge vitrectomy 
with ILM peeling in all eyes (Table 2; Figures 1 and 2). 
To date, the evidence that supports the need for ILM peel- 
ing is inconsistent. Many studies reported that vitrectomy 
with ILM peeling resulted in better anatomic and visual 
outcomes. 1213,1819 - 27 - 31 On the other hand, other investigators 
reported on the effectiveness of vitrectomy without ILM 
peeling. 20 22 - 32 33 Although ILM peeling can be a risk factor 
for iatrogenic MH in highly myopic eyes with very thin 
retina, 20 27 it may ensure a complete removal of all premacular 
vitreous traction and decrease the retinal rigidity to conform 
better to the posterior staphyloma. 24,26 ' 34 In addition, Taniuchi 
et al reported that a recurrence of tractional macular detach- 
ment was observed more frequently in the eye without ILM 
peelings. 29 Thus, we believe that ILM peeling is essential 
for resolving a MF. 



Fourth, 25-gauge vitrectomy resulted in favorable ana- 
tomic and visual outcomes for MF with or without a gas 
tamponade (Table 2). The evidence to support the need for 
a gas tamponade also remains inconsistent. The rationale for 
a gas tamponade to treat a MF is because the gas is expected 
to push the retina back and close any paravascular breaks, 
which occasionally occur in highly myopic eyes. 1218 21 - 27 ' 33 
However, several studies have shown that vitrectomy without 
a gas tamponade also resulted in good anatomic and visual 
outcomes. 13,22 - 23 ' 31 ' 32 In addition, Hirakata and Hida hypoth- 
esized that gas tamponade could be a cause of MH-formation 
because intraocular gas might push the subretinal fluid into 
the limited space under the FD toward the thin foveola. 22 
Thus, vitrectomy without gas tamponade might be a good 
treatment of MF - except for the cases in which intraopera- 
tive MH or retinal breaks had occurred. In support of this, we 
found that the final BCVA was not significantly correlated 
with whether a gas tamponade was used (Tables 3 and 4). 

Fifth, a full-thickness MH can develop postoperatively 
as it did in three of 40 eyes (7.5%; Table 2). A postopera- 
tive MH is a serious complication in eyes with MF and the 
surgical results of this are not good. 18 22 Gao et al reported 
that a defect in the IS/OS junction could be a risk factor for 
postoperative MH in the treatment of MF. 35 Of the three eyes 
with a postoperative MH, two had an IS/OS junction defect 
(FD group and no-FD group), and one had an irregular IS/ 
OS junction (no-FD group). Therefore, ILM peelings should 
be performed with care in eyes with MF and a defect in the 
IS/OS junction. 35 

Sixth, we found that the postoperative complications 
included transient hypotony (10.0%) and choroidal detach- 
ment (2.5%; Table 2). The 25-gauge sutureless vitrectomy 
technique is known to have higher incidence of postoperative 
wound leaks, hypotony, and endophthalmitis. 36 Thus, using 
a beveled cannula has been recommended to prevent these 
complications. 37 38 In highly myopic eyes, however, to create 
a self-sealing incision is occasionally difficult because the 
sclera is thin and of low rigidity, even if a beveled cannula is 
used. 39 Although hypotony and choroidal detachment usually 
recover without additional treatment, 15 a careful check of 
wound leakage is essential intraoperatively because wound 
leakage can be a cause of serious complications, such as 
endophthalmitis. 

Our study has some limitations. This was a retrospective 
and nonrandomized study with a small number of cases and 
a short follow-up period. Therefore, further prospective and 
randomized clinical trials are needed with larger sample 
sizes. 



submit your manuscript | www.dovepress.com 
Dovepress 



Clinical Ophthalmology 2014:8 



Dovepress 



Vitrectomy for myopic foveoschisis 



In conclusion, our results show that 25-gauge vitrectomy 
with ILM peeling results in favolable anatomic and visual 
outcomes for eyes with myopic foveoschisis. In addition, 
our results show that the preoperative BCVA is a good 
predictor of the final BCVA. These results indicate that 
25-gauge vitrectomy is a rational treatment for the patients 
who have progressive visual impairments due to myopic 
foveoschisis. 
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